ABSTRACT
39

INTRODUCTION
40
In the western U.S., approximately 70% of carbon sink activity is located at elevations 41 above 750 m, where 50-85% of land is dominated by hilly or mountainous topography (1).
42
Fluxes of carbonaceous gases such as carbon dioxide (CO 2 ) and methane (CH 4 ) significantly 43 affect the size of the carbon sink, with soil respiration accounting for the largest terrestrial CO 2 44 flux to the atmosphere (2). CO 2 in soil pore spaces is primarily derived from autotrophic (root) 45 and heterotrophic (microbe) respiration, which is mediated by environmental factors such as 46 temperature, soil water content (SWC), O 2 availability and organic matter (3-5). The direction 47 and intensity of CH 4 flux depends on the local balance of the CH 4 consumption by 48 methanotrophs and CH 4 production by methanogens, both of which are also subject to such 49 environmental influences. Because diffusive gas transport through soils is reduced with 50 increasing SWC, hydrologic variations can strongly affect soil O 2 levels, which in turn influence 51 the relative rates of (anaerobic) methanogenesis and (aerobic) methanotrophy. Although 52 saturated soils (e.g. wetlands) are major terrestrial sources of CH 4 emissions (6), emission may at 53 times occur from unsaturated soils, depending on the fine-scale heterogeneity of soil redox status 54 (7); in some cases CH 4 source/sink switching behavior is observed with seasonal flooding or 55 drydown (8-12).
56
Little is known about how soil microbial community structure is influenced by both 57 historical and contemporary environmental conditions of subalpine forested soils (13), and how and continues to be the focus of studies aimed at generating models that accurately describe and 76 explain the biotic and abiotic processes that contribute to subalpine ecosystem function.
77
In this study, we investigated soil microbial community structure and function across the
78
Upper Stringer Creek watershed in relation to the variability of major topographical features, 79 environmental factors, and soil gas composition. Specifically, the objectives of this study were were defined as "high upland zone" (HUZ), sites T1E2, T1E3, and T2W3 "low upland zone"
110
(LUZ), and sites T1W1 and T2W1 "riparian zone" (RZ, Fig. 1 
Sequencing and analysis
166
A total of 3.14 gigabytes of sequence was generated and later processed using
167
Quantitative Insights Into Microbial Ecology (QIIME) version 1.7.0 (39). Chimera sequences
168
were identified and removed using USEARCH 6.1 (40), which detected chimeras using reference were removed using the default filter parameters in QIIME: quality score <25, 
175
Phylotypes were determined with UCLUST at a default sequence similarity level of 97% that of the atmosphere (20.95%) and varied little across depths (Table S1 ). In contrast, soil O 2
207
declined with depth at the RZ sites (Table S1 ). Soil pH ranged from 4.22 to 5.64 in HUZ sites, concentrations, and surface CO 2 efflux were consistently higher in RZ sites than in LUZ and
210
HUZ sites (Table S1 ), in agreement with previous reports on CO 2 from this site (23, 24, 26, 31). (Table S2) . A total of 25 bacterial phyla were identified across the entire sample set; some phyla 231 were undetectable in some soils/depths ( Planctomycetes. Rare phyla, defined as those with a relative abundance less than 1%, were 236 clustered together in the "other" category ( 
241
Archaea made up small portions of the communities, ranging in relative abundance from 242 undetectable to 4.85% (Table S2) . In most locations, they were more abundant at the 20 and 50
243
cm depths than at 5 cm, and were lowest in HUZ sites and highest in RZ sites (Table S2) .
244
Crenarchaeota and Euryarchaeota were the dominant phyla (Table S4) , with Crenarchaeota 245 dominating in all locations except the two RZ sites (T1W1 and T2W1). The relative abundance 246 11 of these phyla was similar at T1W1, while the Euryarchaeota were more abundant than
247
Crenarchaeota at T2W1 (Table S4) .
248
Shannon and Chao1 indices were calculated to estimate and compare the microbial 249 richness and diversity among different depths and locations (Table S5 ). In general, α diversity 250 did not pattern with depth in the HUZ soils, whereas it decreased with soil depth in the LUZ and 251 RZ soils (Table S5 and Fig. S3) . Additionally, the communities in the HUZ soils exhibited 252 lower diversity than those at LUZ and RZ (Fig. S3 ).
253
Principal coordinate analysis (PCoA) was then employed to examine the relative 254 relatedness of the various microbial communities (Fig. 3) . The two coordinates accounted for Gammaproteobacteria) were most prevalent in the RZ soils ( Fig. 6A and B) . ecosystem function (carbonaceous gas fluxes/concentrations).
319
Landscape position in this watershed was important in shaping microbial communities 320 (Fig. 3) , with the differences observed at the phylum level (Fig. 2) relationships between landscape position and microorganisms (Fig. 2, Fig. 3, and Fig. 4 microbial community structure and pH.
352
Phylogenetic diversity was also correlated with landscape position, with the RZ and HUZ
353
tending to represent the end-members (Fig. 4, Fig. S3 ). The RZ and HUZ represent very The relation between ecosystem type and β-diversity reported in other studies (61, 62)
361
was also clearly observed here (Fig. 3 ), although our current study is focused on a single barriers between landscape positions can be important contributors to the β-diversity (13).
364
Distance can in some cases act as a dispersal barrier, however, physical separation did not appear 365 to be a factor shaping β-diversity in this drainage. Despite the significant spatial separation (up 366 to ~1000 meters), the HUZ microbial communities were more closely related to each other than 367 the microbial communities in the LUZ or RZ soils that were only separated by 5-20 m ( Fig.1 and   368 
Fig. 3). This observation is consistent with Wang and coworkers' finding that β-diversity among
369
habitat types was significantly higher than within habitat types (61).
370
Soil depth effects on microbial community structure have been observed previously in
371
Colorado montane soils (59) and grasslands in Germany (63). In the present study, phylogenetic 372 diversity decreased with soil depth in the riparian soils, while the trend was not as evident or 373 consistent in the upland soils (Fig. S3) . Effects of soil depth on β-diversity and composition in 374 the LUZ and RZ soils were also more evident than that in the HUZ soils (Fig. 3) . During the
375
July sampling dates for this study, the soil pits for both RZ sites revealed root-bound conditions Verrucomicrobia were found to be the primary drivers of the distinction in microbial 386 composition along soil profiles, no such drivers were evident in the Stringer Creek watershed.
387
Surface soils exhibited greater β-diversity than deep soil in the montane watershed study in
388
Colorado (59), and the organic matter composition at different soil depths was considered 389 responsible for the vertical distinction. In contrast, the relationship between β-diversity and soil 390 depth was not consistent across three landscape positions within the forested watershed in this 391 study (Fig. 3) .
392
Of the different sampling sites, the T1E3 location proved to be particularly interesting. as the rest of the LUZ soils (Fig. 3) . ADONIS analyses shows that when the T1E3 5cm 402 community was included with either the HUZ or LUZ communities, the resulting statistics 403 suggested this site/depth can fit with either HUZ or LUZ soil communities (Table S6) . correlations between microbial species richness and soil respiration. In this study, phylogenetic 416 diversity exhibited a positive correlation with soil CO 2 efflux (R 2 = 0.38, p<0.001; Fig. 4B ).
417
Most aspects of soil microbial heterotrophic C metabolism cannot be linked with specific pH nor by temperature (Table 3 ). However, they were positively correlated with soil CH 4 437 concentrations (Table 3) and SWC, but negatively correlated with soil O 2 ( environments (e.g. rice paddies) occurs at the oxic-anoxic interface in the rhizosphere (82-88).
440
Rahalkar and co-workers reported that no oxygen could be detected in the sediment zone that 
447
For all RZ soils, the abundance of Crenothrix was considerable (Fig. 6B) 
454
In conclusion, we characterized the soil microbial community from different positions supported by ADONIS analysis (Table S6 ). The T1E3 5cm depth community (red diamonds)
756
is distinguished by the gray dashed circle because its composition appears transitional 757 between the HUZ and LUZ communities (see Table S6 ). Table S6 ). CO 2 effluxes (B) . Panel (C) shows the correlation between the phylogenetic diversity and CO 2 effluxes. Solid lines are linear regression lines, while the dash lines illustrate the 95% confidence intervals. Phylogenetic diversity was measured for each soil depth, while CO 2 flux was measured for each site yielding only 9 data points. SWC, CO 2 efflux, and PD values for two HUZ sites, SW5 and NWD6, are very similar and hence early overlap in the figure. 
